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ABSTRACT

Zebrafish models have been shown to be powerful tools in genomics studies for
drug discovery and drug development and their application in biomedical research Is
increasing. The use of this animal model in the field of proteomics is also accumulating,
although itis still less frequently used within this omics field than in the field of genomics.
In this review we provide an overview of the possibilities, limitations and practical
considerations particular to this animal model in proteomics, and evaluate available
tools and resources suitable for zebrafish proteomics.

INTROCUCTION

The zebrafish (Danio rerio) is a tropical fish originating from Southeast Asia, where it lives
in brackish waters, and is a member of the Cyprinidae family. It was introduced as an
animal model in the 1970s (1). The use of the zebrafish as an animal model in biomedical
research has emerged over time (2-6). Currently, mutant strains and zebrafish cell lines
are available (7). Clearly there are major differences between the anatomy of human and
zebrafish, reflecting their evolutionary distance. Nevertheless, despite their taxonomic
distance, approximately 70% of their protein-coding genes shows strong similarities
(8). In addition, amino acid sequences of proteins are evolutionary conserved between
mammals and zebrafish (9-11). Also, several components of the main immune signalling
pathways (e.g. Toll like receptors, and Myeloid differentiation primary response gene 88)
are strongly conserved in both fish and mammals (5, 12-15). Summarized, these studies
indicate the homology of the zebrafish animal model to mammals on anatomical,
physiological and molecular levels, and highlight the applicability of the zebrafish
animal model in biomedical research.

Many studies that make use of the zebrafish animal model are focussed on genomics
and transcriptomics. Gaining a more complete insight on e.g. Immune responses to
infection and drug treatment, requires a multiple omics approach (including genomics,
transcriptomics, proteomics, and metabolomics) (16-18). Proteomics, the study of all
proteins of an organism or part of an organism, is a growing field of research. Proteomics
Is important because it describes direct bio-functional signalling, reflecting the
operating machinery for nearly all biological functions. Mapping proteins and protein
interaction, will therefore contribute to the clarification of biological pathways followed
by the understanding of diseases and development of possible treatments.

A quick bibliometric search of zebrafish proteomics clearly shows that the model
system is emerging in this field, with the number of publications rising from 9 in 2001
to 245 in 2017 (figure 1). Launching the first zebrafish spectral library (2014), was an
important addition toward the maturation of this model species within proteomics
{19). The experimental knowledge on the application of the zebrafish animal model in
proteomics, is summarized here by reviewing the possibilities, limitations and practical
considerations of the model system. In addition, we evaluate available tools and
resources suitable for zebrafish proteomics.
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Figure 1: Plot indicating the increase in the number of publications of proteomics studies applying the
zebrafish animal model (left axis, blue), compared to the increase of proteomics studies in general (rght
axis, red) for terms “proteomics AND zebrafish” and “proteomics’, respectively. The dip in 2017 is caused by
a delay between publication and full indexing and availability in PubMed. Literature search using: https://
europepmc.org , on April 9, 2018, using the search between publication and full indexing and availability
in PubMed.

THE ZEBRAFISH AS AN ANIMAL MODEL

Multiple animal models are available, each with their own advantages and disadvantages
(2). The zebrafish animal model is widely used and accepted within human disease
studies, including drug discovery and development. Even though anatomically differant
to human, the zebrafish animal model shows a close genetic relation to human (often
represented in phylogenetics) (8) with similarities to several components of immune
signalling pathways (5, 12-15), demonstrating its applicability to such studies. As in
mouse studies, many strains have been developed for the zebrafish animal model (7,
20). Like the human population, wild type zebrafish strains contain high numbers of
polymorphisms, which make the zebrafish animal model extremely relevant to apply in
human health studies (21, 22).

An experimental design to study disease mostly includes the early life stages (embryos
and larvae) of the zebrafish, which enable the application of high throughput screening
(HTS).The natural transparency of the embryos allows the use of fluorescence technigues
to follow-up on infection in vivo (23-30). In addition, innate immunity (functioning from
24 hours post fertilization) and acquired immunity (not active during the first weeks,
and matures at 4-6 weeks) can be studied separately (31), which is a powerful fool tool to
study immune reactions in drug discovery and development. Due to the advantages of
transparency, zebrafish strains that remain transparent as adults are now also available
(32). In order to meet biomedical study conditions, various mutant strains and zebrafish
cell lines have been created (7, 33).
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The use of animal models in a laboratory setting is ethically restricted to certain rules.
The reflection on reduction (minimise animal use), replacement (methods, strategies
and approaches not making use of animal models), and refinement (improvement of
procedures and welfare to minimise pain, suffering, distress or lasting harm) should be
applied to each study using animal models (34). This widely accepted reflection is meant
to protect animal health and welfare, and should exactly describe sedation of and
humane endpoints for the animals. Unfortunately directives and policy on the protection
of animals used for scientific purposes show large variations between national and
regional authorities with respect to application and endpoint (35). According to the EU
Directive 2010/63/EU, early life-stages of zebrafish are not protected as animals until the
stage where it is capable to feed independently (for zebrafish at 5 days/120 hours post
fertilization) (36). This means ethical approval is not required for working with zebrafish
embryos and larvae until 5 dpf in scientific studies (another practical advantage when
applying embryos/larvae compared to the use of adult stages within a study). The
defined stage of independent feeding is influenced by temperature, local conditions,
and genotype, causing variation in the defined stage from 5-6 dpf. These factors should
be considered to meet the ethical rules that protect this animal and proper staging of
larvae 5 dpf should follow the morphological criteria by Kimmel et al. (37). Directives
and policy are constantly moving, and should therefore be taken into account as well
when applying animal models in scientific studies.

PRACTICAL CONSIDERATIONS IN A PROTEOMICS EXPERIMENTAL
DESIGN

As mentioned before the zebrafish can be divided in two main categories as an animal
model: adult and developmental stages (embryo/early larvae). Adults are preferably
kept in groups, where embryos can be separated, e.g. in 96 well plates. In addition,
zebrafish adults produce approximately 200 transparent eggs per pair per week, and
development progresses fast, while breeding fish until adult stage takes months.
This indicates that embryos are more suitable for high throughput processing and
screening than adults. High-throughput screening (HT5) is an important method used
in human drug discovery and development. The increased use of zebrafish as an animal
model and its applicability for HTS has led to the development of several laboratory
techniques. For example, a spawning system, named Ispawn, was developed to scale up
zebrafish breeding and easily collect eggs (38). A robot injector automated infections
of zebrafish embryos, and the additional developed COPAS XL (Union Biometrica)
automatically sorts diseased embryos/larvae based on the illuminance of fluorescent
signals that can be labelled to the source of infection (e.g. fluorescent bacteria or cancer
cells) (23, 28). In addition, several routes of injections are well established for zebrafish
(39). Moreover, technigues using fluorescently labelled cells (e.g. macrophages or
neutrophils) assist in visualizing the effect on a cellular level in vivo without sacrificing
the organism. (30, 40). Furthermore, genomic and transcriptomic screens can be applied
to the model, providing an overview of most genes active or inactive at that moment,
often visualized in heat maps. In combination these technigues make the zebrafish
animal model suitable for HTS (41). Within proteomics, a total protein map, visualized in
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something like a proteomics heat map, would be desirable to level with genomic and
transcriptomic studies. The above mentioned techniques highlight the possibility to
apply the zebrafish animal model in HTS, but what about its application to proteomics
at present? We therefore review the practical considerations of the zebrafish animal
model and its use in proteomics step by step.

Sample preparation

Sample preparation is a first step in proteomics. Where adult zebrafish can be cleared
from water, larvae and embryos cannot be processed without a little excess fluid which
can interfere in the proteomics extraction process. In addition, zebrafish embryos
require additional dechorionation and deyolking steps prior to protein extraction.

The embryonic chorion can easily be digested using pronase. A solution of 2 mg/ml
pronase (Roche Applied Science) in egg water (42, 43) can be applied to large badges of
embryos at once in a petri dish. Embryos younger than the tailbud stage require coated
dishes, since they stick to the plastic of the petri dish. A disadvantage of pronase Is its
protease activity, which is not desired when applying proteomics, and therefore requires
several washing steps to remove (43). Even though robotic chorion removal is available
(44), a technigue that makes use of 96 well plates, used to expose and remove fluids in
HTS techniques like the fish and chips microfluidic perfusion platform (45, 46), would be
more desirable for HTS.

For nutrition, zebrafish embryos and early larvae rely on a yolk sac throughout
development until exogenous feeding begins (5-6 days post fertilization, depending
on water temperature, local conditions, and genotyping). The high abundance of yolk
proteins (mainly consisting of vitellogenins) seems a major obstacle when applying
proteomics, due to its interference with any proteomic application (43, 47).To enable the
detection of less abundant proteins, it was suggested to apply deyolking, a procedure to
manually separate and remove the yolk from the body, prior to protein extraction (43, 48).
A later study on the impact of deyolking, described that deyolking depleted molecular
pathways associated with calcium signaling and immune response signaling (49). It was
therefore advised to use both yolk-intact and deyolked embryos to maximize protein
coverage for shotgun proteomics studies (49). Furthermore, deyolking becomes more
difficult throughout development, since the surrounding tissues are becoming more
rigid (S.J. van der Plas - Duivesteijn, personal communication). In addition, deyolking
does not result in complete yolk removal, leaving the remaining abundant yolk proteins
to interfere the detection of less abundant proteins. According to our own experience,
we mark deyolking as a time consuming procedure which has a low accuracy. With
the development of multiple omics and drug screens in mind, which require HTS, we
would advise to invest on developing automated and faster deyolking methods. For
example developing antibody coated LC-columns that extract vitellogenins proteins
in an automated way e.g. like IgY RuBisCO coated columns to remove Ribulose-1,5-
bisphosphate carboxylase/oxygenase, the most abundant protein in plants (50).

When applying zebrafish embryos into an experimental design, their natural
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development should be considered carefully. Within 5 days a fertilized zebrafish embryo
develops from a fertilized egg into a free swimming larva (37). During this process,
developmental variability can occur (51), which can be caused by several parameters
(52). When separating proteins from different embryonic/larval stages using SDS-
PAGE gel, the magnitude of changes between the proteomes becomes dear (figure 2),
indicating the importance of developmental synchronization, which was also addressed
earlier (4). Even though the use of embryos from the same lay of a single pair of adults
will be synchronous enough for most studies, with fast developing inventions at present,
precise staging of embryos might become a robotic procedure (using automated image
recognition) in the near future to serve advanced HTS.

L 1 dpf 2 dpf Jdpf 4 dpf 5 dpf & dpf

Figure 2: Zebrafish embryo/larva proteome at different developmental stages (1-6 dpf) visualized
using 5D5-PAGE gel. Figure produced from SD5-PAGE separation used to build the zebrafish spectral library
(19).

Protein extraction

A second step in proteomics Is protein extraction. Even though essential, a (commercial
available) protein extraction kit, validated for the zebrafish animal model, is still lacking.
Currently, protein extraction of zebrafish is based on methods described in literature,
which have not been validated in a comparative experiment. We here review the
different methods found in literature. For homogenization, an essential step in protein
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extraction, adult zebrafish can be grinded to powder by using liquid nitrogen. Methods
applied to homogenize embryos are sonication (48), freeze thaw cycles (49) or making
use of the bullet blender (19). Contrarily it was mentioned that early zebrafish embryos
will dissociate rapidly in protein extraction buffer (43).

One advantage of using the bullet blender to homogenize is that it does not require prior
dechorionation and it can be applied to adult tissues (more rigid than embryonic tissue)
as well (19, 53). In addition, the bullet blender is able to process 24 eppendorf tubes in
one automated run, and is a closed system, preventing human keratin contamination.
Unfortunately the bullet blender cannot process entire zebrafish adults. Contrary, the
use of liquid nitrogen and micropestles increase the risk of keratin contamination to
the samples and increases the risk of cold burmn to the scientist, and moreover, is a time
consuming and manual procedure (which often result in lower accuracy compared to
automated procedures).

Different protein extraction buffers used to extract proteins from homogenized samples
are described in literature. The use of different protein extraction buffers and methods
can lead to a variety in study results. Where one method shows abundancy in cell
membrane proteins, the other will show a higher abundance in nuclear proteins (48).
Therefore sequential fractionation is advised (54). Nevertheless this method does not
emphasize HTS.

Another consideration is the addition of protease inhibitors to the protein extraction
buffer (55). Even though not explicitly described in literature, adding protease inhibitors
to the protein extraction buffer has a positive effect when applied to study zebrafish
proteomics (SJ. van der Plas — Duivesteijn, personal communication, (19, 43)).

When applying a shotgun bottom-up approach within proteomics, another challenge
Is the concentration of proteins that can be extracted from a sample. The experimental
design for the creation of a zebrafish spectral library to cover deeper protein coverage,
described the use of more than one organ to reach sufficient protein concentration
levels (19), while for other experimental designs a single embryo is sufficient (48). In
addition, the amount of embryos required for cell dissociation, to study protein effects
in vivo on cellular level, limits its use to be applied to shotgun bottom-up approach
studies (5.J. van der Plas — Duivesteijn, personal communication).

In summary, a validated commercially available protein extraction kit for the zebrafish
animal model will hopefully soon be available, to facilitate the use of this animal model
in proteomics screening.

Protein extraction is followed by liquid chromatography (LC) separation of the peptide
mixture, or SDS fractionation and thereafter LC separation. The last laboratory based
step is the detection of the peptides by mass spectrometry. Methods applied to protein
mixtures and mass spectrometer settings are well described in literature and do not
require specific alterations for its use on zebrafish material, and therefore is not further
described in this review.
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Data analysis

Finally in these practical considerations, we review proteomics data analysis. Many
different software tools are available to match tandem mass specira to peptides,
identifying the peptide and infer the protein (56).

For a standard bottom-up shotgun proteomics experiment, peptide identification can
be achieved by at least three different methods: de novo sequencing, searching against
sequence databases, and matching against real spectra in spectral libraries. De novo
sequending does not require any a priori sequence information from the species, but
Is the least sensitive method of these three. Database searches correlates acquired
M52 spectra with in silico generated spectra from a protein sequence database, and
works best for completely sequenced organisms, although false-discovery rates can be
estimated for partially sequenced ones as well (57). Peptide identification using spectral
libraries are based on the correlation between query spectra and previously acquired
spectra. This is the most sensitive method, but requires both the sequence database
and a diverse spectral library. The search space when using spectral libraries is typically
smaller than in database searches, and faster when searching large datasets, especially
when allowing for variable post-translational modifications (58, 59). In 2014, we released
a spectral library for zebrafish (19). As is the case with the spectral libraries available for
other model species, the library can be extended by inclusion of data from additional
proteomics experiments, or rebuilt using data from more recent instruments. To be able
to detect novel proteins, peptides or modifications, a combination of database and
library search methods is advised (19). This can be practically accomplished in several
freely available tools, such as the Trans-Proteomic Pipeline (60), using Comet for the
sequence database search, SpectraST for the speciral library search, PeptideProphet
to validate the peptide-spectrum matches, and iProphet to integrate the database and
library search results.

After peptide identifications are aggregated and proteins inferred and quantified,
zebrafish proteomics data can be further analysed and presented much like quantitative
proteomics data from any other organism, including gene ontology and pathway
enrichment analysis without necessitating conversion to orthologs from a different
species. For example, there are currently (April 2018) 1,560 Danio rerio pathways in
Reactome, which is comparable with mouse (1,603 pathways). The Comparative GO web
tool was recently updated (61) and extended for zebrafish omics data. Though many of
these tools were developed for genomics data, they work equally well for proteomics
data, as proteomics data is typically gene-centric. Proteins are identified by association
with a particular gene and each protein identification (using the UniProt FASTA file or our
spectral library) also contains the gene name. This means the quantitative proteomics
data can be directly plugged into these and many other tools for GO and pathway
enrichment analysis and visualization.



PROTEOME PHYLOGENETICS SUGGESTS APPLICATION OF COMPLE-
MENTARY MODELS

Shared ancestry and similarities between humans and animal models are crucial
in hypothesis determination, and therefore important to apply when designing
experiments for human disease and drug development. The most currently used
methods to study molecular evolution/phylogenetics, make use of DNA sequences (62).
However, before high-throughput DNA sequencing methods were developed, patterns
of proteins or enzymatically cleaved peptides (which were separated by chromatographic
or electrophoretic methods) were used (63, 64). Recent proteomic studies that applied
phylogenetics, showed that, by using stable and abundant proteins, it is possible to
analyse much older specimens than with DNA-based methods (65-69). Additionally,
proteomic phylogeny demonstrated new discoveries in evolutionary associations (70).
The comparison between DNA and protein is not trivial, since one gene, via mRNA
processing and post-translational modification (PTM) of the protein sequence, can give
rise to more than one proteoform (and thus finally to more than one biological function).
This in turn may affect the distance as measured by shared peptide or protein features,
independent of the full DNA sequence for the same protein. A recent study explored
phylogenetic relationships of primates, using a purely proteomics approach, with an
algorithm that directly compares tryptic peptide tandem mass spectra between spedes
(71). This method, based on a common bottom-up or “shotgun” proteomics method,
may also be applicable in the design of proteomics experiments, and can be informative
in choosing an animal model system.

In proteomics studying the frequency of shared tryptic peptides between organisms
is of great importance, as these can cause interferences in some experiments while
being beneficial in other studies. For example, shared peptides synthetized as stable
isotope labelled standards can possibly be used for both human and animal studies,
which will reduce the need to synthesize and validate such peptides for each (model)
species separately. Furthermore it may be interesting to know whether specira can be
used across (model) species when identifying peptides using spectral libraries and no
library for the species of interest is available.

In 2014, the first zebrafish spectral library was published (19), based on a novel approach
of using dissected zebrafish organs to produce a wider proteome coverage and better
spectral quality. Unfortunately, due to the small size of the zebrafish, not all organs
could be easily dissected, for example it is difficult and extremely time consuming to
dissect the different parts of the heart. In addition, embryos are even smaller, making
it challenging to accomplish deep proteome analysis in single embryos, especially
if one wants to perform protein fractionation or enrich PTMs. Moreover, human and
mouse libraries contain spectra from specific cell lines as well. Even though zebrafish
cell lines are available (33, 72), they were not added to the library at present. A recent
study showed the applicability of highly conserved peptides, bridging the gap of the
zebrafish models limitations due to its small size, by using a larger but closely related
carp (Cyprinus carpio) (73). In addition, where zebrafish produce hundreds of eggs per
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female, carp lay several hundreds of thousands of eggs per female. Espedially in high
throughput screens, the amount of eggs produced can serve as a limitation, therefore,
another advantage of using carp as a complementary model to zebrafish, is the larger
production of carp eggs. This study, in which the limitations of one model are addressed
by the other, stresses the importance of applying “proteome phylogenetics’, espedially
since it was shown that applying highly conserved peptides between model species can
be reapplied in related animal models (73).

RESOURCES

Many online recourses are available assisting the application of the zebrafish animal
model for research purposes (74). For the field of proteomics no resource is available
focussed on the zebrafish animal model alone. Instead, proteomics resources are
arranged/centralized based on this omics field explicitly. The largest information
resource for proteomics is Uniprot (75). This online resource provides proteomes for
species that have their complete genome sequenced, containing a reference proteome
for zebrafish. Uniprot provides high-quality data of protein sequences accompanied
with functional information. PeptideAtlas (76), a public accessible compendium of
peptides that are identified in large tandem mass spectrometry proteomic experiments,
released a first zebrafish build on April 25, 2014 (77). Unfortunately, this resource Is
built on data from a pending publication and unpublished results. For spectral library
searching, the National Institute of Standards and Technology (NIST) develops peptide
mass spectral libraries with the purpose to provide peptide reference data for disease-
related biomarker discovery (78). On September 1, 2015, NIST released the first zebrafish
spectral library (19, 78). Our recently published omics data visualization tool, COMICS,
can generate anatomical representations of gene and protein expression, including for
zebrafish (figure 3), stimulating a multiple omics approach (79). Conglomerate resources
for zebrafish only are also available, but are focussed on laboratory methods, strains, cell
lines, genomics, and transcriptomics (table 1) (74). Via these well-known resources by
researchers applying the zebrafish animal model, notifications to protein repositories
can be mentioned. On April 20, 2015, the zebrafish spectral library was mentioned which
redirected to the NIST webpage via an active link. With above described proteomics
resources for the zebrafish animal model, and to avoid an ocean of online webpages
developed for the zebrafish animal model, we see possibilities for implementation of
proteomics data within existing genomic recourses.
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Figure 3: Log10 ratio of recorded observations of ca? (cyan) and mbpa (magenta) gene expression
in ZFIN visualized by COMICS (79). This particular illustration primarily summarizes what information is
available in the ZFIN gene expression database, but also says something about the spatial dependence of
expression of these two genes. Any anatomically annotated omics data can be visualized by this software
tool. The use of the ZFA anatomical ontology is critical to map the cbservations from multiple experiments
to the same layer or level of granularity in the anatomogram.

Table 1: Zebrafish animal model resources

Name of resource Aim of the resource Webpage of the resource

ZFIN zebrafish model organism database httos/f2fin org

Zebrafish book (45) a practical handbook for zebrafish 2f in 2fbk.
protocols html

Zebrafish-specific and general resources for this animal model that are widely used among researchers
in the field. ZFIN and ZIRC are sister organizations. JOVE is a repository of tutorial and practical video
instructions that include videos on mass spectrometry, proteomics, data analysis as well as actual handling
of the zebrafish.
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EXAMPLE: ZEBRAFISH MODEL TO STUDY TUBERCULOSIS INFECTION

The zebrafish is a well described model to study infectious diseases, and often applied
to study tuberculosis (TB) infection (2, 5, 80-82). To study mycobacterial infection in the
Zebrafish model, the bacterium M. marinum (a natural host of zebrafish) is used (81-84).
Genetically, M. marinum Is closely related to M. tuberculosis (85, 86), and both have the
the ability to replicate inside macrophages and induce the formation of granulomas,
the hallmark pathological structures of TB (84, 87). The zebrafish mycobacterial infection
model, using M. marinum, mimics many aspects of human tuberculosis infection (82,
84), and the use of this model has led to new insights into mycobacterial pathogenesis
relevant to the human TB disease (88-90). With only 16 publications in 2016 (PubMed
search November 2017), studies on the zebrafish TB infection model using M. marinum
infections barely touched the field of proteomics. Nevertheless, proteomics seems
a powerful tool to answer important remaining immune questions in relation to TB
infection (17, 91, 92).

Injecting fluorescent labelled pathogens, e.g. M. marinum, into the yolk and vein of
zebrafish embryos is a well described technique, resulting in easy detectable bacterial
growth which eventually leads to the formation of aggregates of infected immune cells,
representing the early stages of the granulomas characteristic for TB (39). Unfortunately,
when applied to proteomics using the shotgun bottom-up technique, this did not result
in the detection of proteins or protein groups that allowed to distinguish the infected
from the non-infected zebrafish embryos significantly (5. van der Plas - Duivesteijn,
personal communication). In addition, attempting to support a multiple omics approach,
adult zebrafish infected with Mma20 and E11 M. marinum strains from a previously well
published transcriptomics infection study (93), were examined on protein exprassion in
ashotgun bottom-up approach (S.J. van der Plas - Duivesteijn, personal communication).
Only 13 proteins were found to be significantly different between the infected and
non-infected adult zebrafish in all three replicas. An additional 22 proteins were found
to be significantly different between non-infected and infected individuals, but this
significant difference could be found in only two out of three replicas, and therefore were
marked as speculative results (5. van der Plas - Duivesteijn, personal communication).
In comparison with previous studies where many significant differences were found
on the genomic and transcriptomic level, the number of significant proteins found in
this proteomics study was unexpectedly low (SJ. van der Plas — Dulvesteijn, personal
communication). The resulting low numbers of significantly different proteins found in
this adult infection study, and the lack of a possible distinction between infected and
non-infected individuals in the study with embryos, could be due to the low number of
replicas used to study the proteomics effect. In contrast, the same amount of replicas
used in the adult infection setup did result in sufficient genomic results (93), and the
infected zebrafish embryos showed severe infection after fluorescent microscopic
examination (5.J. van der Plas — Duivesteijn, personal communication). In addition,
the lack of a validated protein extraction kit could also have affected these results. In
particular, high levels of vitellogenins were found in the embryo infection experiment
(5J. van der Plas - Duivesteijn, personal communication), which can affect protein
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detection of lower abundant proteins in the same detection range, emphasizing the
need for a more efficient deyolking protocol. Finally, due to the time-consuming data
analysis, we experienced the need for the development of software tools assisting in
{more) automated screening of the data.

Several genomics studies include additional studies on cellular level of the zebrafish
animal model. We therefore also applied a standard bottom-up proteomics approach
on FACS sorted cells from dissociated zebrafish embryos. Dissociating immune cell
populations from zebrafish using FACS has also been described in a previous study on
RNA sequencing (94). Using FACS enables deeper proteome coverage and potentially
simultaneous detection of zebrafish and bacterial proteins, as these can be easily
distinguished, even on the tryptic peptide level. However, FACS Is a slow process and
requires additional expertise and equipment, and is not yet easily applicable in high-
throughput workflows.

CONCLUSION

Thezebrafish has been established as animal model in genomics and transcriptomics and
now also emerges in proteomic studies. Since the zebrafish is used as a powerful model
within biomedical research, there is a need for the development of HTS methodology.
Different zebrafish strains and cell lines have been developed to meet biomedical
hypotheses. The use of zebrafish embryos show great potential when applied to HTS.
Harmonization of ethical legislation between countries would benefit the use of the
zebrafish animal model and assist in faster development of HTS methodology.

From a practical point of view, key technology has been developed to increase the
throughput spedfically in experiments using zebrafish embryo and larval models.
Examples include the ISpawn system for breeding and a fully automated injection system
to automate embryonic infection (23). For proteomics applications, there is a need for
the development of an automated deyolking protocol, a commercially available protein
extraction kit and standardized protocols for homogenization. In addition, robust
and automated analysis platforms are essential when applying proteomic HTS on the
zebrafish or other animal models.

Besides the development of new methodology, researchcommunities should investigate
the possibility of applying complementary species in their studies of animal models
near the boundaries of their proteomics design. Rather than developing entirely new
online resources, existing ones could be expanded to handle additional model systems
to avoid oceans of available resources in which researchers drown when searching for
information.

Altogether, lots of work needs to be done to accomplish a successful proteomics HTS
using zebrafish as animal model. However, developed technigues and procedures will
also be beneficiary for other studies applying proteomics. With such a successful model
system as the zebrafish and proteomics as an emerging, valuable and promising field of
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research, we have no doubt above suggested inventions will be developed in the near
future.
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